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In addition to coordinate data, information relevant to
the crystallographic experiment is abstracted from the
primary literature for inclusion into the database. These
include crystallization conditions, refinement statistics
and data collection statistics. Other derived information,
such as the distances, angles, torsion angles, and base
morphologyparameters, is calculated from the coordi-
nate data and placed in the database. Tables 2a and 2b
list summaries of the information currently in the NDB.

3. Data Processing
3.1 Data Entry and Integrity Checks

The scheme for data processing is given in Figs. 1a
and 1b. A set of filter programs have been developed
that allow this process of data entry and integrity check-
ing to be highly automated. A key feature of the system
is the use of a template based on mmCIF. A template
is a CIF data file that includes definition and example

Table 2a. Primary experimental information stored in the NDB
— Continued

Crystallization descriptiona Method
Temperature
pH value
Composition of solutions

Refinement informationa Method
Program
Number of reflections used for re-

finement
Data cutoff
Resolution range
R-factor
Refinement of temperature factors

and occupancies

Coordinate informationb Atomic coordinates, occupancies
and temperature factors for
asymmetric unit

Coordinates for symmetry related
strands

Symmetry related coordinates in
unit cell (packing)

Orthogonal or fractional coordi-
nates

Table 1. NDB holdings as of October 1995
408 structures (390 released)

Structure Type Number

A-DNA 51
DNA/RNA Hybrid 11
A-RNA 10
DNA-Drug Complexes 93
B-DNA 66
RNA-Drug Complexes 19
Z-DNA 47
t-RNA 10
Unusual DNA 21
Protein-Nucleic Acid Complexes 66
Unusual RNA 14

Table 2a. Primary experimental information stored in the NDB

Structure summarya Descriptor
NDB, PDB, and CSD names
Coordinates available (yes/no)
Modifiers (yes/no)
Mismatches (yes/no)
Drugs (yes/no)

Structural descriptiona Sequence
Structure type (A/B/Z/RH/U/P)
Description of modifiers of base,

phosphate, and sugar
Description of base mismatch
Name and binding type of drug
Description of base pairing
Description of contents of asym-

metric unit

Citationa Authors
Title
Journal
Volume
Pages
Year

Crystal dataa Cell dimensions
Space group

Data collection descriptiona Source of radiation
Data collection device
Radiation wavelength
Temperature
Resolution range
Total and unique number of re-

flections

Table 2b. Derivative information stored in the NDB

Distancesa Chemical bond lengths
Virtual bonds (involving

phosphorus atoms)

Torsionsc Backbone and side chain torsion
angles

Pseudorotational parameters

Anglesa Valence bond angles
Virtual angles (involving phos-

phorus atoms)

Base morphologya Parameters calculated by different
algorithms

a Reports can be generated in either ASCII or LATEX.
b Reports can be generated as an NDB or PDB coordinate file, a
Kinemage template, or as PostScript molecular graphics.

c Parameters can be displayed in both LATEX or ASCII tables, or as
a PostScript conformation wheel.
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which have been determined by a particular author.
Two examples of the use of structure selection con-
straints are presented in Tables 3a and 3b.

It is possible to use either the menu driven interface
to NDBquery or the WWW forms based system to gen-
erate selection constraints. The advantage of the latter
method is that it places no restrictions on the user other
than the ability to use the World Wide Web using either
Netscape or Mosaic. A sample query using the WWW
access is shown in Fig. 2.

4.2 Report Generation

Once the selection constraints are defined, a large
variety of reports can be generated that describe any of
the properties that are stored in the database. The sim-
plest type of report is the list of coordinates for the
selected structures. In addition, the NDBquery program
produces reports in a wide variety of formats. Tabular
reports such as those shown in Fig. 3 can be produced
in either ASCII or PostScript formats.

Graphical reports relating any two properties can be
generated. It is possible to produce scatter charts, his-
tograms, and pie charts that can be used to analyze the
properties of the structures contained within the data-
base. These report features were used to examine the
frequency distributions as well as the correlations of

torsion angles of the three classes of DNA duplexes.
In order to automate this type of survey, batch query
capabilities were built into the system. Examples of
graphical outputs are shown in Fig. 4.

The NDBquery program also produces molecular
graphics in a variety of formats. Structures can be
depicted using color codes for the properties of the
atoms or residues. Automatic packing pictures are
generated in PostScript format using NDBquery and in
raster form using NDBview [3]. Various types of repre-
sentations, including ball and stick and Van der Waals
spheres, are available (Fig. 5).

There are provisions for detailed formatting so that a
complete set of publication quality reports for a set of
structures can be produced. To simplify the query
process, some standard and commonly used queries are
saved and made available for the user. In addition, the
user may save her own queries to be used repeatedly for
a particular project.

The WWW forms based interface also allows for
report generation. Coordinates may be retrieved in
mmCIF, NDB or PDB format. It is also possible to
retrieve an Atlas page (see later) and to view the struc-
ture using a dynamic viewer. The latest version of the
WWW Interface can also create tabular reports based
on any of the features contained in the database.

Table 3a. Example 1: Structure selection of B-DNAs containing the residue sequence ‘‘C G C G ’’ without base modifiers, mismatches, or drugs

Table Property Operator Operand Logical

structural_information structure_type = B AND
structural_information Sequence_of_Strand_A like %CGCG% AND
structure_summary base_modifier is null AND
structure_summary mismatch is null AND
structure_summary drug is null AND

Table 3b. Example 2: Structure selection of B-DNAs with resolution#1.9 Å and R factors <0.17 by authors A. Rich, R. E. Dickerson, or
O. Kennard

Table Property Operator Operand Logical

structural_information structure_type = B AND
r_factor Up_Lim_Resol_Ref # 1.9 AND
r_factor R_Value < 0.17 AND
citation authors like R. E. Dickerson OR
structural_information structure_type = B AND
r_factor Up_Lim_Resol_Ref # 1.9 AND
r_factor R_Value < 0.17 AND
citation authors like A. Rich OR
structural_information structure_type = B AND
r_factor Up_Lim_Resol_Ref # 1.9 AND
r_factor R_Value < 0.17 AND
citation authors like O. Kennard
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(October 1995).

Beginning from the upper left:

a. TheTable Selection Menufrom theNDB Structure Selection
Menu is chosen.

b. The Structural_information menu is selected from theTable
Selection Menu.

c. Sequence_of_Strand_Ais selected from theColumn Selection
Menu.

d. The desired sequence,A C G C G, is entered in capital letters with
spaces separating each residue in the provided field. To move to
the next step, theContinue bar, is selected.

e. Once all of the desired constraints are selected,Execute Query
is pressed from the top of the Column Selection Menu.

f. A list of the NDB identifiers of the structures containing the
sequence ACGCG is presented. The user may now:

Retrieve coordinates in NDB Format

Retrieve coordinates and the bibliographic information in NDB
Format (Full Entry)

Retrieve coordinates in PDB Format

Display the structure using a remote viewer (launching RasMol
viewer on ndbserver)

Display the structure using a local viewer (launching your own
viewer)

Display the Atlas Entry for the structure

Fig. 2. Sequence for a simple query, i.e., choosing structures that contain the specific sequence ACGCG using the WWW Interface, version 2.0
.
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Fig. 3. Examples of Postscript reports created by NDBquery.
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Fig. 7. The NDB Homepage (available at http://ndbserver.rutgers.edu and is mirrored at the European
Bioinformatics Institute at http://www.ebi.ac.uk/NDB/).
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Fig. 8. The NDB Archives Page.
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dictionaries; reading and writing individual CIF data
items; data integrity checking of CIF data items; and
navigation through the CIF schema.

As the first version of the mmCIF dictionary nears
completion, the NDB is converting its data processing
system based on the mmCIF local dictionary to a system
which is based on the data representation in the mmCIF
dictionary. The core of this conversion is the integration
of SIFLIB into the NDB data processing scheme as
shown in Fig. 10. The key feature of this new data
processing scheme is that it takes full advantage of the
data description provided by the mmCIF dictionary
which now contains all of the information necessary
to perform detailed integrity checks for individual
data items as well as for the relationships between data
items.

7.2 Validation
As a result of the surveys of both the NDB and CSD

databases, dictionaries of standard covalent geometries
and observed ranges of other structural features have
been compiled.

These dictionaries provide the foundation for the con-
tinued development of structural validation tools that
will be used as benchmarks to evaluate each structure
submitted to the NDB.

mmCIF provides a mechanism for standardizing the
encoding of structural standards and other lengthy
tabulations reference data in External Reference
Files (ERFs). Information stored in ERFs can be
accessed using the same software (SIFLIB) as other
CIF data. We plan to integrate structural ERFs
automatically into the NDB data processing scheme
(Fig. 10).

7.3 Information Retrieval

The recently developed WWW interface to the NDB
database provides the structure selection features of the
more robust menu-driven interface, NDBquery. An
enhanced version of the WWW interface that will
provide both structure selection as well as report gener-
ation has recently been released.

The WWW interface is shown schematically in
Fig. 11. The figure highlights the underlying use of a
CIF dictionary to describe the database schema for the
WWW interface.
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Fig. 11. Schematic view of the NDB WWW forms based interface.
The WWW version of NDBquery is called by the WWW server and
provides the server with a description of the contents of the NDB
database, which is presented as a set of menu selections. The WWW
interface also manages the construction of SQL queries and all com-
munication with the NDB database.
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